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PREFACE 


The  importance  of  the  subject  for  investiga- 
tion lies  in  the  fact  that,  if  a  sprinkler  head  is  to 
operate  as  a  result  of  a  fire,  it  should  discharge  the 
•vrater  in  sufficient  quantity,  break  up  the  vfater  into 
the  correct  fo3nn,  which  is  that  of  heavy  drops,  and 
distribute  the  v.'ater  properly  over  the  floor,  ceiling, 
and  sides. 

Previous  to  this  tine  only  one  investigation 
had  been  carried  out  at  the  Underwriters'  Laboratories. 
The  apparatus  for  this  investigation  consisted  of  a 
series  of  one  hundred  and  forty-four  pans,  each  one 
foot  square  at  t}ie  top  and  one  foot  deep,  a  device  for 
exposing  the  pans  to  the  -water  from  the  sprinkler  head 
so  that  each  pan  was  exposed  the  same  length  of  time, 
and  a  device  for  measuring  the  quantity  of  vrater  in 
each  Tisxi,     The  results  obtained  vrere  not  -vrhat  v/ere  ex- 
pected and  the  method  and  time  required  for  measuring 
the  quantity  of  vrater  in  each  pan  was  impractical.  The 
only  conclusion  drawn  from  this  investigation  was  that 
the  distribution  of  water  from  a  sprinkler  head  in  an 
upright  position  was  much  better  than  that  in  a  pendant 
position.  Up  to  this  time,  the  question  of  distribution 
of  vrater  from  sprinkler  heads  has  been  left  to  the  judg- 
ment of  a  competent  engineer  vdthout  the  use  of  appara- 
tus . 

The  need  of  a  staiadard  method  and  design  of 
a  system  by  wliich  the  distribution  of  the  water  can 
be  quickly  and  accurately  determined  is  evident.  The 
design,  construction,  and  application  of  such  a  method 
and  system  is  the  prime  object  of  tliis  investigation. 
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PART  ONE 


THE  DESIGN  01   TiiE  APPARATUS 


7. 


CHAPTER  I. 

DITRODUCTIOIT 

The  apparatus  devised  for  determining  the  dis- 
tribution consists  of  pans  for  collecting  the  -water 
throTOi  from  the  head;  a  carriage  for  sujporting  the 
•oans  and  a  cover  for  sliielding  thein  before  and  after 
the  run;  a  plane  ceiling  for  deterraining  the  celling 
distribution,  mth  rings  hung  from  it  for  estimating 
the  side  distribution;  an  adjustable  vrater  supply  for 
tests  at  various  pressures;  and  a  discharge  hood  and 
tank  for  determining  discharge  curves  of  the  various 
heads. 

In  the  design  of  the  pans,  the  major  intention 
was  to  provide  a  set  of  pans  divided  in  a  way  wliich 
•would  tell  the  most  about  the  distribution  of  the 
■vTater  from  the  sprinkler  head.  I.Iinor  intentions  were 
to  make  the  pans  of  a  material  strong  enough  to  hold 
the  cnntalned  water  without  warping  out  of  shape  at 
the  place  where  they  wer*^  lir;-.'-.<»;  to  make  the  division 
of  a  size,  which,  after  the  above  question  of  distribu- 
tion had  been  considered,  would  permit  ease  of  handling 
by  two  men;  to  provide  laps  on  the  pans  so  that  no  water 
vrould  be  allowed  to  go  to  waste  between  them;  and  to 
provide  handles  on  the  pans  at  places  where  they  Y;ould 
not  interferft  with  the  fitting;  together  of  the  pans. 

In  the  design  of  the  carriage,  the  intention  was 
to  provide  a  frame  so  that  the  pans  vrauld  be  vfell  sup- 
ported in  a  level  position  and  eo  th^.t  the  entire  set 
of  pane  could  be  sv.xuig  around  into  any  sector  of  the 
circle  into  which  the  head  T;as  to  throw  water,  A  pivot 
was  also  designed  vrliich  rcted  as  the  center  of  revolu- 
tion and  as  a  leveling  device  for  the  pans  and  carriage. 

The  cover  was  designed  Tdth  the  intention  of  pro- 
viding a  means  of  shaelding  the  pans  from  the  vfater  un- 
til the  pressure  was  adjusted,  at  which  time  it  coiild 
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be  s'wung  from  over  the  pans  and  around  the  complete 
circle  so  that  v/hen  the  time  caiue  for  again  sliielding 
the  pans  from  the  water,  the  cover  could  be  s\'/ung  on 
in  the  sane  direction  as  that  in  rMch  it  vreis  taken  off 
so  that  each  pan  would  be  exposed  the  same  length  of 
tijue.  It  Tias   necessary  to  provide  means  of  drainage 
and  to  provide  stops  so  that  no  v/ater  from  the  cover 
would  be  spilled  into  the  pans  wliile  the  cover  v/as  in 
motion. 


CHAPTER  II. 

TEE  DESIGH  OF  THE  PAITS 

The  failure  of  the  square  pan  method  for  giv-  • 
ing  the  expected  results  led  to  the  idea  that  distribu- 
tion could  best  be  studied  by  determining  the  quanti- 
ties of  water  T;liich  fell  in  sones  of  a  circle  on  the 
floor,  the  center  of  which  was  directly  under  the  head. 
It  is  clear  that  it  would  be  unnecessary  to  make  pans 
enough  to  fill  the  whole  circle,  since  a  sector  of 
pans  could  be  easily  set  in  any  sector  of  the  circle. 

After  considering  the  number  of  settings  to 
make  a  complete  circuuferenciel  test  and  the  accuracy 
with  Trtiich  the  distribution  should  be  determined,  it 
was  decided  that  a  sector  with  an  angle  of  forty-five 
degrees  (45°)  should  be  covered  by  tiie  pans.  It  would, 
therefore,  require  eight  settings  to  make  a  com^jlete 
test. 

The  next  thing  to  be  considered  was  the  rad- 
ial divisions  of  the  pans.  The  area  which  a  sprinkler 
must  cover  is  that  of  a  ten  foot  square  or  one  hundred 
square  feet.  The  diagonal  of  tliis  square  is  fourteen 
and  fourteen  hundredths  feet  (14.14'),  so  that,  in 
order  to  study  the  distribution  in  any  part  of  the 
square,  it  would  be  necessary  to  make  the  radius  of  the 
circle  of  which  the  pans  are  a  sector,  seven  and  seven 
hundredths  feet  (7.07').  In  order  to  adequately  cover 
this  area,  they  v/ere  made  seven  and  five  tenths  feet 
(7.5').  Starting  from  the  center,  radial  divisions 
were  made  at  the  two,  three,  four,  five,  and  six  foot 
marks.  This  made  a  total  of  six  zones.  These  divisions 
were  based  entirely  on  I.Ir.  Ailing' s  experience  from  the 
previous  investigation.  For  the  purpose  of  greater 
accuracy,  the  pans  in  the  txiird,  fourth,  and  fifth  zones 
were  divided  so  that  each  pan  subtended  an  angle  of 
tvrenty-two  degrees  and  thirty  minutes  (22°-3o')  at  the 
center  of  the  circle.  The  pan  in  zone  six  was  divided 
so  that  each  division  subtended  an  angle  of  eleven  de- 
grees and  fifteen  minutes  (ll°-15')  at  the  center. 
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The  next  problem  was  that  of  deciding  upon 
the  material  of  vrhich  the  pans  were  to  be  made. 
After  exa:-.iinin£  severel  gauges  of  metal,  it  was  de- 
cided that  U.  S.  gauge  number  twenty  (2o),  galvanized 
iron  would  be  strong  enough  and  vrould  not  rust.  The 
pans  were  specified  to  be  soldered  and  riveted  through- 
out. 

Together  with  the  question  of  division  for 
greater  accuracy  mentioned  above  the  ease  of  handling 
by  two  men  was  considered.  Tliis  was  based  upon  the 
approximate  quantity  of  water  T.'hich  two  men  could  lift. 

Laps  wBre  provided  on  the  pans  so  that  they 
would  not  only  fit  together  v?ell  and  be  easy  to  set  up, 
but  so  thr.t  no  water  would  be  allowed  to  go  to  v/aste  in 
between  the  pans. 

Handles  were  provided  so  that  the  pans  could 
be  easily  lifted  on  to  scales  for  determining  the 
quantity  of  water  in  them.  The  handles  were  placed  on 
the  inclde  of  the  pans  three  inches  (3")  belovr  the  top 
edge,  in  order  not  to  interfere  with  the  fitting  to- 
gether of  the  pans,  and  to  prevent  water  from  splash- 
ing from  the  handles  into  adjoining  pans. 
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CliAPTER  III 


THE  DESIGN  OF  THE  CARRIAGE 


Because  of  the  fact  that  the  pans  covered 
only  a  fraction  of  the  total  area  sprinkled  by  the 
head,  it  was  thought  convenient  and  necessary  to  pro- 
vide a  carriage  upon  which  the  pans  could  be  support- 
ed in  a  level  position,  and  which  vrould  afford  a 
means  of  moving  the  entire  set. 

The  shape  of  the  carriage  was  that  of  the 
series  of  peois,  being  slightly  larger  all  around  and 
allomng  for  a  space  near  the  center  where  a  pivot 
for  the  cover  could  be  attached.  The  carriage  was  de- 
"signed  strong  enough  to  hold  all  the  pans  full  of 
water  with  a  large  factor  of  safety. 

The  carriage  T/as  made  up  of  four  angles,  three 
of  'vv'hich  were  bent  to  conform  with  the  shape  of  the  pans 
and  a  fourth  added  so  that  both  sides  of  the  pans  were 
supported.  The.  angle  iron  framework  was  assembled  by 
means  of  gusset  plates.  A  socket  for  a  pivot  consist- 
ing of  a  flange  \vas  mounted  on  the  under  side  of  the 
frrme  directly  at  the  center  of  the  circle.  In  order 
to  hold  the  pans  in  their  respective  positions,  strips 
were  placed  on  the  sides,  two  of  which  were  removable 
to  afford  greater  ease  in  removing  the  pans.  Three 
castors  were  bolted  on  the  under  side  of  the  frsane  so 
that  it  could  easily  be  moved  over  the  floor.  When  the 
center  was  supported  by  the  pivot,  the  two  castors  on 
the  circumference  were  touching  the  floor  so  that  the 
carriage  could  be  swung  around  the  circle.  The  top  was 
covered  with  U,  S,  gauge  number  16  galvanized  iron. 
The  rivet  heads  were  flattened  so  that  a  smooth  surface 
was  at  hand  on  which  to  support  the  pans, 

A  pivot  for  the  carriage  v.'as  made  of  a  pipe 
flange  and  fittings.  A  levelling  de'iice  wr.s  contained 
in  the  pivot,  and  consisted  of  a  long  thread  nipple. 
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CHAPTER  IV. 


THE  DESIGlf  OF  THE  CO\'ER 


After  considering  a  method  of  moving  the 
pans  under  the  head  after  the  pressure  had  been  ad- 
justed, and  a  method  of  enclosing  the  head  and  lead- 
ing all  the  vrater  off  to  the  side  until  the  pressure 
T7as  adjusted,  it  was  decided  that  the  only  way  to 
shield  the  pans  was  to  provide  a  cover  which  would 
just  clear  the  top.  The  general  shape  of  the  cover 
was  similar  to  that  of  the  pans  only  larger.  The 
franework  w?.s  made  of  pipe  fittings  and  light  steel 
angles.  On  tlais  framework  was  riveted  a  sheet  of  U,  S. 
gauge  nimber  26  galvanized  iron  which  was  turned  up 
three  inches  on  the  radial  sides  to  prevent  spilling 
of  the  water  iihen   the  cover  Vrtis  in  motion,  Allowojace 
for  drainage  v/as  raade  by  making  the  raiddle  point  on 
the  circumferencial  side  lowest,  \Tneels  and  a  pivot 
were  provided  so  that  the  cover  could  be  rotated  in  a 
way  similar  to  that  of  the  pans,   (See  drawing  of  cover, 
also  illustration  of  pans  covered.) 
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CHAPTER  ':. 


TI-E  PLALTE  GEILDTG 


The  plane  ceiling  vreis  iuade  in  tvro  sections, 
eacli  -r'  X  8'.  By  means  of  clips  fastened  to  the  outer 
edge  of  each  section,  they  were  hung  from  rods  on  the 
ceiling  so  that  the  sections  could  be  swung  up  into 
place,  and  the  center  edges  fastened  together  forming 
a  ceiling  8'  x  G'.  YHaen  the  ceiling  ■was  in  place  the 
distaiice  to  the  tops  of  the  pans  ^^as  eight  feet,  ten 
aiid  a  half  inches  (s'lC  1/2"),  the  top  of  the  pans  being 
in  reality  the  surface  of  the  floor. 

In  order  to  easily  estiniate  the  amount  of  the 
ceiling  wet  by  the  spray,  circles  were  drawn  with  the 
point  directly  over  the  head  as  a  center.  The  diameter 
of  these  circles  ranged  from  one  (l)  to  eight  (s) 
feet  inclusive.  They  were  painted  wliite,  the  ceil- 
ing being  black  so  as  to  shovr  the  wetted  parts  more 
clearly. 

The  side  distribution  was  studied  by  the  aid 
of  rings  hung  from  rods  fastened  to  the  comers  of 
the  ceiling  and  five  (s)  feet  out  from  the  head.  The 
rings  were  placed  as  follo-s;-  One,  two  (2)  feet  from 
the  ceiling  to  study  the  distribution  above  this  point. 
The  distance  of  two  feet  was  chosen  because  of  rule 
three.  Section  S  of  the  Rules  and  Requirements  of  the 
National  Board  of  Fire  Underwriters  for  Sprinkler 
Equipments. 

"(3)  Piling  of  Stock:-  Sprinkler  heads  to  be 
free  to  form  an  unbroken  spray  blejiket  for  at  least  2 
feet  lander  the  ceiling  from  sprinkler  to  sprinkler  and 
sides  of  the  room.  Any  stock  piles,  racks  or  other 
obstructions  interfering  ^7ith  such  action  are  not  per- 
missable.  Another  ring  was  placed  halfway  between  the 
2*  ring  and  the  floor  so  that  complete  side  distribu- 
tion could  be  studied  and  the  percentages  of  total  dis- 
charge thrown  between  the  rings  and  ceiling  and  floor 
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could  be  iuoi'e  accurately  estiinr-ted.  (See  Part  II,  Test 
Llethod). 

In  order  to  :;nake  the  tests  under  the  various 
conditions  found  in  practice,  the  distance  of  the  de- 
flector from  the  ceiling  was  me.de  adjustable.  Section 
B,  rule  3  of  the  National  Board  Rules  covers  this  point, 
(3)  Distance  of  deflectors  frou  ceilings  or  bottom  of 
joists  to  be  not  less  thrji  3  inches  nor  more  than  10 
inches.  This  adjustment  was  secured  by  means  of  a  slip 
joint  just  above  the  ceiling,  and  was  operated  by  a 
rack  and  pinion.  The  pinion  was  at  the  end  of  a  shaft 
about  15  feet  long,  and  at  the  other  end  was  attaclied 
an  ordinary  bicycle  sprocket  with  a  chain  e::tending 
to  another  sprocket  about  3  feet  above  the  floor.  This 
made  adjustment  from  the  floor  possible. 
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CHAPT3R  VI 


THE  WATER  SUPPLY  SYSTKI 


The  essential  factors  of  a  good  water  supply 
system  for  test  purposes  consist  of  a  non-pulsating 
supply  capable  of  giving  pressures  as  high  as  150 
pounds  per  square  inch  while  delivering  about  lOO 
gallons  of  water  per  rainute.  It  must  be  capable  of 
sensitive  adjustiaent  to  as  lovr  a  pressure  as  five 
(5)  pounds  v-iiile  discharging  only  ten  gallons  per 
minute. 

The  supply  system  used  in  the  tests,  con- 
sisted of  a  rotary  punp  taking  its  suction  from  a 
cistern  of  12,0C0  gallon  capacity,  Vilth  a  maximum 
suction  lift  for  the  pump  of  10  feet.  A  2  l/2  inch 
suction  pipe  vras  used  T/ith  a  total  length  of  about 
23  feet.  The  suction  pipe  also  supplied  a  Quiiaby 
50  gallon  screw  pump.  Gate  valves  were  used  in  each 
branch  of  suction  piping  to  cut  off  one  of  the  pumps 
when  using  the  other.  A  single  priming  connection 
was  used  for  both  pumps,  (See  piping  layout.)  TMs 
connection  was  made  to  the  QuLTib3'  pump,  and  when  the 
rotary  pump  was  to  be  primed,  both  gate  valves  in 
the  suction  branches  were  opened.  After  starting  the 
rotary  pump  the  gate  valve  leading  to  the  Quimby  was 
shut  off  to  insure  steady  pressure,  which  would  not  be 
affected  by  the  fluctuating  city  water  supply  used 
for  priming. 

The  pump  was  a  gear  pump  with  a  maxim?jm  speed 
of  about  40C  R.F.'-.  The  only  motor  available  for  driv- 
ing the  piuap  was  a  Northern  variable  speed  motor  rated 
at  5  H.  P.,  with  speeds  ranging  from  720  to  2160  R.P.I^. 
A  set  of  gears  was  made  for  connecting  up  the  piunp  and 
motor,  having  a  ratio  of  5  to  1,  the  pinion  being  of 
rawhide  in  order  to  make  them  as  nearly  noiseless  as 
possible. 
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Pump  and  Siirge  Tank. 
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The  pipinr^  from  the  pump  discharce  was  2 
inch,  being  reduced  by  gradual  steps  to  3/4"  at  the 
hep.d.  A  relief  valie  rreis  placed  in  the  discharge  line 
near  the  pump  and  adjusted  to  open  at  about  ICC 
pounds  per  square  inch,  pressure  adjustments  were 
made  by  means  of  two  bleeders  and  by  changing  the 
speed  of  the  motor.  One  of  the  bleeders  discharged 
back  into  the  cistern,  and  was  used  for  all  large  ad- 
justments, the  other  controlled  by  a  3/4"  glove  valve, 
was  piped  over  to  where  it  could  be  adjusted  while 
watcliing  the  gauges,  and  was  used  for  fine  adjust- 
ment s . 

After  making  a  few  trial  runs  it  was  notic- 
ed that  the  pulsation  was  so  great  that  the  gauges 
could  not  be  accurately  read.  In  order  to  eliminate 
this  a  pulsation  chamber  of  6"  pipe  was  made  for  the 
pump  discharge.   (See  illustration  of  Pump  and  Surge 
Tank.)  Into  the  too  of  the  chamber  v^^as  connected  a 
pipe  running  .to  the  adr  coiapressor  used  for  main- 
taining an   air  cusliion  in  the  chamber.  About  3'  from 
the  top  of  the  chamber,  just  above  the  tee  for  the 
discharge  piping  wa.s  attached  a  pet  cock  for  getting 
the  proper  water  level.  The  pulsation  chsjnber  was 
found  to  remove  practically  all  pulsation. 

The  gauges  for  deterroining  the  flowing 
pressures  at  the  head  were  connected  by  means  of 
l/4"  pipe  to  a  piezometer  fitting  close  to  the  re- 
ducing elbow  into  which  the  head  was  screwed.  For  the 
lower  pressures  a  seven  (7)  foot  mercury  gauge  was 
used. 
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CHAPTER  VII 
THE  DISCHARGE  CALIBRATION 


In  order  to  find  Yrhat  percent  of  the  water 
throv.n  from  the  head  -was  collected  in  each  zone  and 
sector,  it  -vras  necessary  to  calibrate  the  head,  that 
is  to  determine  the  quantity  of  v.-ater  that  the  sprink- 
ler was  discharging  at  various  pressures. 

The  apparatus  designed  for  this  purpose,  con- 
sists of  a  calibrated  tank;  a  hood  for  collecting  the 
discharge  fron  the  head  and  diverting  it  into  the  tank; 
and  a  syringing;  pipe  made  by  using  two  90  degree  elbows, 
for  iuoving  the  hood  over  the  tank  -vriiile  malcing  a  run  and 
removing  it  at  the  close  of  the  run. 

The  calibrated  tank  was  merely  a  cylindrical 
tank  about  six  (6)  feet  high  and  three  (3)  feet  in  dia- 
meter, having  a  capacity  of  250  gallons,  A  gauge  glass 
with  a  scale  graduated  in  gallons  was  mounted  on  the 
outside  of  the  tank.  The  hood  was  cylindrical,  about 
1  foot  in  diameter  and  2  feet  high,  v.ith  .tojp  covered  so 
that  water  discharged  from  the  head  could  get  out  only 
at  the  bottom  and  fall  into  the  tank.  The  hood  v/as 
supported  on  the  swinging  pipe  and  could  easily  be  remov- 
ed for  changing  heads.  The  pipe  enters  the  hood  at  the 
side,  and  holds  the  head  upright  inside  the  hood.  The 
piezometer  ring  vras  also  inside  the  hood  and  was  attach- 
ed to  the  gauges  by  means  of  flexible  rubber  tubing. 
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Apparatus  for  the  Head  Cal- 
ibration, 
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PART  II.     THE  APPLICATIOII 
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CHAPTFR  I. 
THE  TEST  I.;STHOD. 


In  deteraiining  e  method  for  aaking  tests,  the 
main  idea  vras  to  devise  a  method  by  v/hich  the  actual 
distribution  could  be  raeasured,  and  after  a  nu»7iber  of 
heads  had  been  tested  and  the  results  compared,  a  stand- 
ard could  be  set  by  which  all  sprinklers  could  be  judged. 

The  time  required  for  raaking  tests  and  the 
anount  of  labor  required  v.ere  also  considered  as  import- 
ant factors  Governing  the  method  to  be  used.  The 
method  finally  adopted  consists  of  tvro  distinct  series 
of  tests;  first,  the  cetermination  of  the  discharge 
curve  for  each  s^'rinkler  to  be  tested;  second,  the 
actual  distribution  tests. 

Discharj^e  Calibration:-  The  discharge  cali-- 
bration  was  conducted  as  follo\Ts:-  The  piezometer  fit- 
ting T^as  attached  to  the  test  pi;iing  described  in 
Part  I  under  Discharge  Calabration,  end   the  head  was 
screv.ed  into  the  elbovif  next  to  the  piezometer.  The 
piezometer  ring  xts   then  connected  to  the  gauges  by 
mesms  of  flexible  rub):er  tubing,  and  the  hood  applied. 
The  pipe  v,'as  then  sming  to  one  side  so  that  the  •water 
could  go  to  Ti'aste  wliile  the  pressure  ^ras  being  adjust- 
ed. The  tenk  reading  and  the  necessary  coi-rections 
for  pressure  T,ere  then  taken,  and  the  pump  started.* 
After  the  pressure  had  been  adjusted  by  meuis  of  the 
bleeders  and  the  motor  control,  the  hood  v.tis  swung  to 
a  position  over  the  tank,  the  time  being  taken  on  a 
stop  v;atch.  After  about  150  to  200  gallons  had  been 
collected  the  hood  vras  S'vi'ung  to  one  side,  snappiiag  the 
stop  wa.tch  at  the  same  time.  From  this  data  by  means 
of  five  poiuad  (5j(')  steps,  a  calibration  curve  v.as  plotted. 

Distribution  Tests:-  The  head  and  piezometer 
fittings  were  next  removed  from  the  discharge  apparatus 
and  attached  to  the  piping  at  the  ceiling  for  distribu- 
tion tests.  The  height  of  the  head  was  adjusted  until 
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Pans  Covered,  Ready  for  Test. 
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the  deflector  tras  exactly  three  inches  belov  the  ceil- 
ing. The  pivot,  fra-ae,  psoas,  inc.   cover  v/ere  placed  in 
Position  I.   (See  Diagrcoa) .  3y  menns  of  the  marline 
on  the  floor  they  could  be  accurately  placed  so  that 
the  tip  of  pan  niunber  12  was  directly  under  the  head. 
The  piezometer  ri;;g  was  connected  to  the  gauges  by 
means  of  a  long  pipe  l/4  inch  in  dimeter,  \7ith  the 
cover  in  position  over  the  pans,  the  piuap  •was  started 
end  the  pressure  adjusted  to  about  five  poimds  (5;,) 
per  squc;re  inch  at  the  herd  of  the  first  test.  The 
prjis  -."cre  now  tuicovered  by  moving  the  cover  at  a  uni- 
form re.te  partly  around  the  circle.  Time  v/as  taken  on 
the  stop  •watch  T.-hen  the  first  pan  v^-as  uncovered  pjid 
again  xrhen   the  cover  v.as  bein^,  run  over  the  first  pan. 
The  interval  of  time  between  the  tT.X)  constituted  a  run. 
The  length  of  the  run  depended  upon  the  prestures  and 
for  five  poLUids  was  about  eighteen  minutes,  i'or  thirty 
pounds  twelve  minutes,  and  for  ninety  pounds  about 
eight  minutes.  The  jump  v/as  nov.'  stopped  and  the  pans 
and  water  were  weighed  and  again  set  up,  the  frame  be- 
ing moved  to  Position  II.  After  a  set  of  eight  rims 
had  been  made,  one  in  each  position,  another  set  of 
runs  were  -iiade  with  the  srme  pressure,  but  \Tith  the 
head  lowered  :-=o  that  the  dei'lector  was  six  inches  from 
the  ceiling,  A  tliird  set  cf  runs  was  next  made  with  the 
deflect'^r  ten  Inches  from  the  ceiling.  The  above  three 
sets  constitute  a  series  for  the  herd  at  one  pressure. 
Three  different  pressures  v.-ere  taken  T.lth  the  head 
tested,  meking  nine  sets  of  nans  in  all, 

Notes  on  side  and  ceiling  distribution  were 
taken  whenever  a  change  w;.s  made  in  either  pressure  or 
the  position  of  the  deflector.  The  notes  consisted  of 
estimates  on  the   area  of  ceiling  struck  by  the  spray 
from  the  sprinkler,  aid  the  area  of  that  part  of  the 
ceiling  from  which  dripping  occurs.  For  side  distri- 
bution, they  consisted  of  estimates  of  the  relative 
amounts  of  v/ater  thrown;   first,  over  the  two  foot  ring 
hijng  from  the  ceiling;   second,  between  the  two  foot  rnd 
four  foot  five  end   one  half  inch  ring,  ITotes  were  also 
taken  during  the  runs  on  the  form  of  the  water  thrown 
from  the  head,  that  is,  the  form  of  the  drops. 
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From  the  cieta  taken  in  the  above  tests,  the 
distribution  in  zones  from  the  center  or  point  uirectly 
under  the  aead  "was  cfdculated  and   a  diaj^rom  maue  snov.ing 
tiiis  distribution,  Anotner  diagram  shoving  the  percent 
of  vrater  tarov.n  in  eacii  sector  v/as  olotted. 

After  tests  have  been  made  v.-ith  a  number  of 
heads,  strjidard  diagrams  can  be  nade  snovi-ing  the  mini- 
mum percentages  throv.n  in  raiy  sector,  end  the  minimiun 
distribution  in  ^ne  c.i.fcrent  zones,  so  that  a  testing 
stanaard  may  be  obta.ined 


PLAM  SHOW/riG    ^SLAT/O/y 

Of 
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CHAPTER  II. 
SAM-LE  CALCULATIOITS, 


Total  mmber  of  gallons 117. 

Length  of  run  in  ninutes 10., 

Discharge,  c^l.  per  min, 11.7 

Difference  in  height  of  Kg  column 10.7" 

Equivalent  presrure  in  feet  he£d= 
(10.7  xl3.57)^l2"=  12. OS' 

Diameter  of  piezometer  tube=,825". 

Velocity  of  v,ater  thru  the  tube  = 

Q  (Cubic  feet  per  sec.) -i- Area  (Sq.  Ft.) 

^^q'  (Gal.  r,er  i-in.)  X  231       .  .^.^  ^^^^  ^^^   jj.^^ 
60  x(l/4)irx  (.825)-  X  12      "^ 

2    2 
Velocity  head  h=-^=  '^'   ^/^^  =.00559(Q'^  GaL  per  Min)=h 
2e   64.32  •   in  ft. 

Q'  in  run  ^^1=  11.7  Gal.  per  Tin. 

Therefore,  velocity  head = ,00559  x  11.7  =  .765'. 

Water  Corrections. 

Height  of  piezometer  above  zero  of  gouge  76. C" 

Height  of  Hg  on  Right ■ 30.2" 

Correction  on  Right  • --  45,8" 

nei&;ht  of  ^T.'xter  on  Left  — 72,3 

Haight  of  Hg  on  Left  40. g" 

lYater  Correction  on  Left  ■  •-  ■  •  •-  •  31.4" 

Water  Corr'^^f^ti.nn  =  45.R-31.4=  14.4"=  1.2* . 

Effective  Pressure =  12,09 4 .765-1.2 =  11.655' 

Effective  pressure  in  Poiinds  per  Sq,   In.= 
11.655  4  2.31=  5.045  ///ri.^ 
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DISTRIBUTION  CALCULATIONS 
SET  jll. 


Difference  in  Height  of  H-   'Jolui.ins 16,6" 

Equivalent  Pressure  in  Feet  Head=16,6  x  1,13=18.768' 

Height  of  Piezoiaeter  above  zero • — 9' =  108", 

Heicjht  of  He  on  Left 35.6" 

Correction  Left 72.4" 

Correction  Ri3ht=  72,3-52.2= 20,1" 

Water  Correction 52,3" 

Yfater  Correction  in  Feet • 4.358' 

Indicated  Pressure  =  18.758-4.358= 14,4' 

Velocity  Head  Deteinined  from  Curve — —      1.13' 

Effective  Head  in  Feet —  15.53' 

Effective  Head  in  Pounds  per  Sq,  In, 6.7.23 

Total  Discharge  in^Gal,  ^er  I.Iin  fro;:i 

C:irve  at  6,723///I;i''=  — - 14.0 

Theoretical  Discharge  per  Min,  in  each  Sector 

=  14.0-?=      1,75 

The  first  data  sheet  in  each  set   contains 
"weiglits  of  v;ater  iu  each    lan  found  by  subti'Gctiu£  the 
wei[;ht  of  prji  from  the  v.-ei;^;ht  of  the  pan  plus  the  water. 
Set  .//I ,  pan  ^1 ,  Rim  /I     2 2 :  10-13 : 2  =  9 : 8 , 

The  second  data  sheet   contains  the  weights 
of  \Yater  per  pan  per  mnute  and  is  found  by  dividing  the 
total  T.-eight  of  water  in  pen  by  the  lenijth  of  the  nm. 
Set;;-1,   Run  ^fl,   Fan  i'i.     9;8  or  9,5;;- -=-17,84  rain. =.550 

lbs,   per  iiiin.   iil  Pan  ^'1. 
The  tota.1  vreig-it   collected  per  nunute  in  all    oositions 
of  pans  is  then  added  toi^ether.     Then  the  total  in  each 
zone  is  added  together  as  Pans  jfl,  ^i^Z ,  //3  uiu  ,^4  to   iind 
the  total  anoimt  of  -vrater  throTOi  in  the  5-7  l/2   fo  )t 
zone, 

Tot.-J.  weights  in  zones  is   changed  to  C-al,   per  ','in,  by 
dividing  by  8,35  v/hich  is  the  weight  of  a  [gallon  of 
Tv'ater  in  pounds  at  eleven  degrees  Centigrade, 

Zone  6-7  1/2  =  11,983 -=- 8,35=  1.435  Oral,   per  Min. 
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To  ixad  the  Gallons  uer  squtre  foot  jcr  :ninute,  the  num- 
ber Ox  gallons  per  minute  are  divided  by  the  aree.  of  the 
zone. 

Area  of  the  6-7  l/2  ft.  zoue=  63.61  sq.  ft. 
Gallons  jer   square  foot  -:er  minute  in  zone  6-7  1/2 

=1.435-r  63, 61=. 0226. 
Percentage  of  total  dischr.rce  tiirovai  iix  6-7  1/2  ft,  zone 
equals  (1.435-^14,0)  x  100  =  10,25/,. 

To  find  the  percentage  of  tae  theoretical  amount  throvna 
in  each  sector,  the  \7eights  of  the  water  per  minute  in 
all  twelve  paiis  are  added. 

Set  ^'1,  Run  ^-'l,  V/eight  in  12  Pans  per  LIin.=  9,743. 
Gallons  _  er  Minute  in  12  Ps:is  =  5.743 -f-6, 35=  1.17  Gal, 
Percentase  of  theoretical=  1.17 -J- 1.75  x  100=66,9^. 

SIDE  DISTRIBUTION. 

Total  Percentage  throTOi  outside  of  rin£;s=Zone  5-6  plus 
Zone  6-7  l/2  plus  the  percent  thro\m  outside  the  prjis 
total  side  distribution. 
In  Set  ^'1,  this  equals  10,37  plus  10.25  plus  20.0 

=  40,-2,0. 
From  notes,  one-half  of  the  water  thro\rn  out  206s  over 
the  two  foot  ring,  therefore  the  percent  over  the  tv/o 
foot  ring  =1/2  x  40.62  =  20, 3lf.. 
Three-eigliths  is  t.'.ro\Mi  cetv/ecn  the  r-lngs 

=  3/8  X  40.62=  5,05;*.. 
One-eighth  is  thro^1nl  under  the  4' -5  1/2 
rinE  =  l/8  x  40.62=5.057., 
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CKAPTSR  III. 


TEST  DATA:- 
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Side   lietribution:-      Of  the   total     . 


water  discharged  bi'   the  spriiii-.ler  heed, 
4c.62?J  we&  throwc  outside   af  the  ricg  which 
were  five   f5)   feet   in  rsdiua. 

£0.31r^  of  the   total  discharge  wts  thrown 
over  the  ring  two   (2)   feet   from 
the  ceilicg, 
15.23^;  W£S  thrown  between  the  rings  two 
lE)    feet  i-nd    four  feet   five   -  nd 
one  half   iccheb    '4'-b  l/L'),   and 
5.06/3  viae   thrown  under  the  four  foot 
five  j.nd    or;e   half  xnoh  rir.i'. 


uxazziiii 


kof  J  in  twj  f  2)  toot  disr.FtGr  eirole  wss 
struck  by  spray,  heavy  drops  cacir-g  from 
circle   five    (5)    fnet   in  diuBseter. 


;o   ttiat. 


riachcr^e :-    Large   TropB, 


iicj.    i.»u._...' 


Side   riatributlon:-  of  the   total 


water  diacharced  by   the   sprioKler  head, 
47.i)3-:^.  waa  thrown   outside    the   rings  which 
were  five   f5)   feet   in  radius. 

£9.9?B     of  the   total  discharge  was  thrown 
over   the  ring  two    (2)   feet   i^rom 
the  ceiling^ 
11.98^  was  thrown  between  the  rings  tvjo  ' 
(Z)    feet  and   four  feet   five   -nd 
one  half  inchea  U'-5  l/£"),  end 
6,Qbfo  ■iit.B   thrown  under  the    four   foot 

five  ucd    one  half  inch   r4'-5  1/t" 
ring. 


in    three    (3)    foot   di-ineter  circle  was 
struck  by   the   sprty,   heavy  drops  eo/r.ing 
from  the  circle  six  (6)   feet   in  diameter, 


Fortii  of  ri3ch^-r>:e  ;~  Large  Trops, 
no  cist. 


TEST   KOTSS    -   2E' 


Side  listrtbution:-  Of  the   total 


v.'ater  dischr^recl   by   the   sprinkler  head, 
54.5^  was  thrown   out   side  the   rings  which 
were  five   feet   f 5' )    in  radius. 

36.3'j!  of  the    total  discharge  was   thrown 
over  the  ring   twof2)   feet  froit  the 
ceiling. 
l£.l^  was  thi-woE  between  the   rings  two 

(2)   feet  ted   four  feet   five   and    one 
half  inches   f4'-5  l/J'^)/  und 
e.lli  was  tbrvvc  osder  the    foixr   foot 

five   and    one   half   inch    f4'-5  l/£") 
ring. 


>^i'miw«i*wi 


Ceilin,     " "    "' 


head   in   f:ur   r4)    foot  di-u;t.ter  eiroie  was 
strack  by    the  spray,    heavy  drops  coHiing 
from  the   circle  seven   !7)   feet   in  diaaeter. 

Frog;  of  Discharge:-  Heavy   Drops, 
no   Mist. 


TEST  50TES    -   SET   NO.    4.  I 


Side   ristrifcution:-  Of  the   total 


water  i3isoh:.r£,ed   by    the    Bprirkler  hea«5 , 
50.13,^.  v;.vs  thrown  outside   the   rings  which 
were   five    '6)    feet   in  radius. 

£5.06f>  of  the    total  discharge  was   thrown 
over   the  rings  two   (H)   feet   froir. 
the   ceiling. 
lL.53^  was  throvin  between   the  rings  tv.o 

(£)    feet   ar.d    four   feet    five   eod    one 
half  inches   (4'-E  l/T"),   evci 
12  .bZfo  vi&s   thrown  under   the   four  foot 

five   .-.nd    one   half  inch   r4'-5  1/2" 
ring. 

Ceilini>   Eistrihution;-  The  ceilin,-' 


obove  the  head   in  a  circle   three    (3)   feet 
in  diameter  was  struck  by  the  spray,   heavy 

drops  conrmg   froa   the    circle   seven    (7)    feet 
in  dien.eter. 


mist   near   the   outside. 


Siie  riatributlon:-   Of  the  total 


water  dischhrged   by   the   sprinlcler  head, 
63.37/5  was   thrown   outside   the   rings  which 
were   five    (5)    feet    in  radiua. 

26. 69:^!  of  the    tottl  d  isch- r^ie  w^e   thrown 
over  the   ring  two   f£]    feet   frou. 
the  ceiling. 
15.34^  was  thrown  between  the  rings  two 

(2)   feet  and   four  feet   five  snd   on< 
half  inches  f4'-5  l/£"),  and 
13.34^  WES    tnrown  under   the    four   foot 

five  and    one  h-lf  inch  N'-5  l/Z"4 
ring. 

Ceiling;   riatrlbutlon:-   The    Ceiling 
above   the   heed   in  a  four   (4)    foot  diBEeter 
circle  was  struck  by  the  spray,   heavy  drops 
coain|  fr:->Ei  the   circle  eight    (8)   feet   ic 
diemeter. 


with  heavy  mist. 


THST   K0T3S    -    SET   KG.    6. 


Side  liatributiDn:-  Of  the   totcl 
water  discharge.j   by   the   apriBl-.ier  head, 
58.2'^  was  throwi.   outalde   the  ricgs  which 
were   five   f5»    feet    in  radius. 

36.35^  of  the    total  diaehar^e  was  thrown 
one   the   :^in^   two    f£)    feet    from   the 
ceiling, 
7,^7^^  was  thrown  between  the  rings  two 
(2)   feet   and    four   feet   five   and 
one  hclf  inches  f4'   6  1/2"),  and 
It.S^i  was   thrown  under   the   four  foot 

five  and    :?ne  half  inch   (i*   5  l/£") 
ring. 

Ceiling:  riatribution:-  GeillD,=;  abov* 


the  head  in  a  five  f5)  foot  diameter  circle 
was  struck  by  the  spray,  beany  drops  coming 
from  the   edge   of  the  ceiling* 


slightly  less  than   in  Sets  7lo.   4  and    lio.   5. 
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TEST   KOrSS    -   SET   HO.    7. 


Side  ElBtribution:-      Of  the   total 


6?.Of3  was  thrown  outside  the  rings  which 
were'  five   f5)    feet    ic  radius. 

38.7'?^  of  the   tot^'l  discharge  was  thrown 
over  the     ring  two   (2)   feet   from 
the  ceiling, 
15.5^  was  thrown  between  rings  two 

(2)   feet  and    fnur  feet   five  and    one 
half  iEches  f4'-5  !/£")»   and 
7.75^  was  thrown  under  the   four  foot 

five   and    one   half  iaoh   f4'-5  !/£♦') 
ring. 


the  head   ic  a  three   (3)    fr^ot  diairieter  oir- 

e}e  w>:s  »tin:ioic  by   the  spray,  heavy  drbps 

eiffiicg   fr^a:  the  oirole  eight  f8)   feet   in 
diaraeter. 

Form  of  Lischar*©;-  ^Qty  heavy  mist 


.S»  kO^ 


l!JlH!]iCaEl]E!lllMflEi 


^  ^ 


TEST  EOTHIS   -    SET   KO.    S. 


Siae   vistributirjn  i-     Of  the   total 


WEter  discharged  by  the   sprinkler  head, 

61.3^  W8S  thrown  outside   the   rings  whloh 
were   five   (5)   feet   in  radius. 

40.8'/b  of  the   total  discharge  was  thrown 


ceiling, 
1Z,6%  was  thrown  between   the  rings  two 

(£)   feet   ana    f?ur   feet   five   and    one 
half  inches   f4'   6  l/£"),  and 
6.8%  was  thrown  under  the   four  foot 

five  and   one   half  inch   (4'-   5  1/2") 
ring. 

Ceilinfi:   Distribution:-   Ceiling  above 


the   head  was  struck  oy   the   spray  in  strealis 
out  tp   the  circle  seve^    (7)   feet  in  dia/ieter 
heavy  drops  coming  from  the  edge   of  the 
ceiling. 

Form  of  Eischerge:-  Heavy  mist. 


TEST  KOTSS   -    SET   50.    9. 


Side  liatribution:-  Of  the   total 


water  discharged   by   the   aprink-er  head, 
66.2f5waB  thrown  outside  the  rings  which 
were' five   feet   in  radius. 

44. 2^0  of  the    total  discharge  was  thrown 
over  the   ring  two   (2l   feet   from 
the  ceiling, 
14. T'^^  was  thrown  between  the  rings  two 

fS)   feet   scd    f:>ur  feet   five  and    one 
half  inches   U'-5  Ijn   "),   and 
7.   35t  wes   thrown  under   the    f;-ur   foot 
five  and    one   inch   f4'-5  l/S") 
ring. 

Ceilin,g  ristribution:  -     The  spray 


follows  the  notches  in   the  deflector  end 
fatrlxeB   in  u  circle   five    (5)    feet  in  aia- 
ffi«:tfcr,    heavy  drops     coming  from  the  edge 
of  the   ceiling. 

Form  of  rischarge:-  Heavy  mist. 


LL 
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PART  III.  THE  COiTCLUSIOlTS . 


68. 


CHAPTER  I. 


coiiCLUSioirs  on  design  of  apparatus 


An  important  factor  of  a  o'ood  testing  appar- 
atus is  a  good  flexible  v.'ater  supply,  v/lxLch  vdll  de- 
liver water  v/ithout  pulsation  at  as  hxGli  a  pressure 
as  is  needed  or  about  15o  pounds  per  square  inch  v.lth 
a  suction  lift  of  about  ten  feet.  The  best  typo  of 
pump  for  this  purpose  is  a  multi-stage  centrifugal 
pump,  driven  by  an  electric  motor  directly  connected 
to  the  pur;ip.  The  capacity  of  the  purap  at  150  pounds 
should  be  at  least  100  gallons  per  minute.-  The  pres- 
sure adjustment  is  best  accomplished  by  a  gate  valve 
in  the  discharge  piping  near  the  pump  and  a  small  by- 
pass around  the  gate  controlled  by  a  glofre  valve.  In 
order  to  adjust  the  system  to  a  certain  pressure,  the 
gate  valve  is  open  until  the  gauge  shovs  a  pressure 
just  below  that  desired,  then  the  globe  valve  in  the 
by-pass  around  the  gate  is  opened,  and  adjusted  until 
the  correct  pressure  is  reached.  The  by-pass  should 
be  small  so  that  a  fine  adjustment  is  possible.  The 
gauges  should  be  piped  from  the  piezometer  to  a  point 
near  the  valve  so  that  the  adjustment  can  be  made 
while  watching  the  gauges. 

The  apparatus  for  floor  distribution  proved 
very  satisfactory,  giving  the  desired  results,  namely 
distribution  in  zones  aroimd  the  center,  or  point 
directly  under  the  head. 

By  combining  results  on  floor  distribution 
vfith  esti:iiates  on  side  and  ceiling  distribution,  the 
value  of  the  head  can  be  easily  estimated,  by  compar- 
ing it  with  standard  specifications  made  up  from  re- 
sults of  tests  with  a  number  of  heads  suad  also  taking 
into  consideration  the  important  factors  connected 
with  distribution.  As  the  object  of  this  investigation 


69. 


was  only  to  detertnine  c   method  by  •vrhich  this  standard 
could  be  deterrained  and  sprinklers  tested  in  the 
future,  and  as  time  would  not  permit  furtlier  tests, 
no  comparison  was  made.  The  application  of  the  method, 
however,  was  carried  out  and  a  complete  set  of  tests 
was  made  Tdth  one  head.  The  tests  were  made  with  a 
Grinnell  Kead.  (Stationary  Deflector,  see  illustration 
on  next  page,) 
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CHAFTBR  II. 

COHCLUSIONS  DERIVED  FROM  TESTS 

The  tests  show  that  the  apparatus  is 
practical,  and  the  tine  necessary  to  make  runs  is 
reasonable.  The  five  pound  tests  taking  on  an  aver- 
age about  35  -uinutes  for  a  complete  run,  the  25 
pound  tests  30  rainutes,  and  the  9C  only  2C  minutes, 

FroM  a  careful  examination  of  the  results, 
curves,  diagraas,  and  notes  obtained  vdth  the  Grinnell 
head  it  is  possible  to  state,  that  as  the  head  is 
lovrered,  increasing  the  distance  betv/^een  the  ceiling 
and  deflector,  the  distribution  to  the  outer  zones  is 
increased,  giving  a  better  general  distribution  over 
both  floor  and  ceiling.  This  is  desirable  up  to  the 
point  where  the  percentage  of  v/ater  throv.ia  outside 
of  the  seven  and  a  half  (7  1/2)  foot  circle  is  ex- 
cessive. The  best  distance  shoma  in  the  tests,  which 
combines  both  of  these  features  is  six  (6)  inches. 

The  sector  diagrams  show  that  at  high 
pressures  the  general  form  of  the  diagram  changes, 
TJiis  is  probably  due  to  the  fact  that  a  larger  per- 
centage of  the  water  at  high  pressures  does  not  pass 
tlirough  the  notches  of  the  deflector. 


72. 


CHAPTER  III. 


DISTRIBUTION  DIAGRiU.IS :  - 
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